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screen (100 ) such as an T.CD screen 
is provided with a display area (30) 
for displaying an image. The display 
area (30) extends as far as an optically 
inactive region (60), containing device 
drivers, at the edge of the screen. A 
cover plate assembly (40) overlays 
the display area (30). The covct plate 
assembly is laminar and an upper 
translucent plastics layer (520) thereof 
is planar over the display area (30) but 
is curved at the edge to provide a lens 
there. Thus, the image in the display 
area viewed through the cover plate 
assembly (40) appears to be shifted to 
the edge of the screen (100') so that the 
optically inactive region (60) becomes 
invisible. Two screens can be abutted 
adjacent each other with no visible join 
using this technique. Compression of 
the image at the edge compensates for 
edge distortion by the lens. Repeating of 
the image either side of the join between 
two screens increases the viewing angle 
beyond which the join appears. 
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Visual Display Screen Arrangement: 

This invention relates to a visual display screen 
arrangement . 

5 Many modern electrical or electronic devices 

contain a visual display. For example, mobile 
telephones, portable and particularly palm-held 
digital computers each contain a (typically) ba::l<lit 
liquid crystal display (LCD) screen. In each case, the 

10 desire to miniaturise and thus increase the 

portability of such devices is balanced by the need to 
ensure that the screen that imparts information to the 
user has an adequate viewing area. In the field of 
mobile telephones, the emergence of technologies to 

15 ' view Internet pages has provided a further need zo 
increase screen size. 

Although a screen can be provided which is 
physically larger than the device to which it belongs, 
such a screen is susceptible to damage and increases 

20 the overall size of the device. Furthermore, there 
are practical difficulties in forming larger screens 
of height and width 45cm or greater, for example. 

Another problem with devices employing elec-rical 
screens in particular is that the active display area 

25 (that is, the area over which text and images is 
displayed, usually via an array of pixels) is by 
necessity smaller than the overall area of the screen. 
Typically, the screen has a glass cover plate and will 
also have an edge, which may or may not form a cart of 

30 the cover plate. The edge must be of finite wid^h, in 
order to protecr the screen and mechanically support 
the glass cover plate. In LCDs, an edge is in any 
event necessary to contain the liquid crystals. 
Usually, the transistors and other electronic 

35 components necessary to drive the LCD are located 

adjacent the acrive display area as well. This r.eans 
that the edge of the display is visible to a viev/er of 
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the screen. 

A number of approaches have been taken to try and 
address the problem of the visible edge or edges of 
screens and LCD screens in particular. JP-A-09018504 6 
5 (Casio Computer Co., Ltd.) shows a display device 
having two display elements with refraction plates 
overlaying them. A diffusion plate overlays the 
refraction plate. The refraction plate bends light 
rays from across the display elements so as apparently 

10 to close the gap between two adjacent plates so as to 
form a large display from two smaller ones. The 
problem with chis arrangement is that the display 
device becomes heavier and more complex through the 
inclusion of Lihe refraction plates . 

15 EP-A-0, 179, 913 (Matsushita Electric Industrial 

Co., Ltd.) shows an alternative approach.- Here, a 
light guide is employed to guide the rays from the LCD 
elements to zhe viewing surface. Since a light guide 
is employed for each pixel, this arrangement would be 

20 expensive to manufacture. 

Finally, EP^A'-O, 559, 070 shows an LCD panel where 
an attempt has been made to reduce the gap itself. The 
LCD panels are bent by 90"- at the edges so as to bring 
the active area physically closer to the edge. Then, 

25 the edge seal and contacts extend downwards from the 
surface of the screen and do not contribute to the 
gap. Even then, the gap is only reduced (to perhaps 
1-2 mm) , and whilst this would potentially be adequate 
for large wall displays using adjoining screens, it 

30 would still be visible in smaller (e.g. hand holdable) 
screens. Moreover, the manufacture of the screens of 
EP-A-0, 559, 0"D would be much more difficult than with 
^standard' LCDs. 

It is ar. object of the present invention to 

35 address these problems wich the prior art. 

Specif ically, it is an object of the present invention 
to maximize z'r.e viewing area of a visual display 
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particularly, but not exclusively, for use with a 
relatively small electronic device. 

According to a first aspect of the present 
invention, there is provided a visual display screen 
5 arrangement for displaying an image, comprising: 
image display means having a display area; a 
translucent cover member arranged to cover the display 
area and having a first cover member edge, the display 
. area having an edge extending towards but not as far 

10 as the said first cover member edge; characterised in 
that the cover member has: (a) a generally planar 
portion covering at least a part of the display area 
and being arranged to pass rays of light substantially 
without bending such that the majority of the display 

15 area as viewed externally of the arrangement and 

through the said generally planar portion, appears 
substantially undistorted; and (b) a refracting 
portion which includes the said first cover member 
edge, the said refracting portion being arranged to 

20 bend only those rays of light emanating from at or 
adjacent to the edge of the display area, such that 
the said display area as viewed externally of the 
arrangement and through the said refracting portion, 
appears to exzend substantially as far as the edge of 

25 the cover member. 

With devices containing known display screens 
such as liquid crystal displays or cathode ray tubes, 
the active viewing area is by definition smaller than 
the width of zhe device itself. In the case of liquid 

30 crystal displays, this is because edge seals are 

necessary to contain the liquid crystals between the 
cover member and the body. Side walls are also often 
employed to increase mechanical protection. In the 
case of cathode ray tubes, again side walls are 

35 necessary because the tube itself must be evacuated, 
and also because the range of sweep of an electron 
beam across the tube (in order to form an image) must 
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be less than the width of the tube itself. Thus, when 
two or more such known displays are placed adjacent to 
one another, a visible gap occurs. With liquid crystal 
displays, this visible gap is (with commercially 
5 available technology) approximately 3 mm wide. Such a 
gap is unacceptable, particularly for mobile telephone 
screens, for example, which may only be one order of 
magnitude larger than this. 

The present invention overcomes these problems. 

10 By causing only light at the edge of the arrangement 
to be bent, whilst allowing transmission through the 
translucent cover member away from the edge without 
any significant bending or distortion, the gap can be 
effectively made to disappear without requiring 

15 separate lenses or complex modifications to the 
arrangement . 

Such a technique is particularly advantageous 
where the screen arrangement comprises two panels 
abutting one another. Here, the join between the two 

20 panels can be made apparently almost to disappear if 
the light is bent by each panel where it abuts the 
orher, but only at that location. 

In a particularly preferred embodiment, the 
visual display screen arrangement is further arranged 

25 to generate a part of an image both within the first 

display area and adjacent the first cover member edge, 
and also within the second display area and adjacent 
the edge of the second cover member. 

This technique reduces the visibility of the gap 

30 when the observer moves out of perfect alignment with 
the screen arrangement (for example, by viewing the 
arrangement at an angle to the plane of the panels) . 

It is preferable that the image, when displayed 
in the display area, is compressed adjacent to the 

35 respective panel edge. There are several ways of doing 
this. In one preferred embodiment, the or each display 
area has a resolution and, specifically, a pixel 
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resolution adjacent the respective panel edge which is 
higher than the pixel resolution of the or each 
display area away from the respective panel edge. 
Alternatively, the image itself may be compressed 
5 electronically without then needing to compress to 

pixels adjacent the respective panel edge. Compression 
is useful to allow compensation for the distorting 
effect of light ray bending, through a lens 
arrangement, for example. 

10 Preferably, the generally planar portion of the 

or each cover member is coterminous with that part of 
the display area having the relatively lower 
resolution, and wherein the or each refracting portion 
is coterminous with that part of the display area 

15 adjacent to the respective cover member edge having 

the said relatively higher resolution. In. other words, 
the non-distorting part of the cover member overlays 
the relatively low resolution pixels, whereas the- 
light bending part of the cover member overlays the 

20 relatively high resolution pixels. 

In the preferred embodiment, the refracting 
portion of the or each cover member is formed with the 
cover member edge shaped so as to form a lens, such as 
a convex lens, to bend the light passing therethrough. 

25 Other techniques for bending the light, such as 

coating the panel edge with a high refractive index 
material, or incorporation of other materials, may 
also be used. 

In preference, the cover member is formed as a 

30 laminar construction with, for example, a lower layer 
adjacent to the display area and formed of a first 
material, an upper layer formed of a second, different 
material, and a polarisation/compensation layer 
sandwiched between the upper and lower layers. In that 

35 case, the lower layer may be formed of glass and the 
upper layer of a plastics material. This allows a 
very simple construction for the arrangement. A 
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^standard' LCD can be made without any changes to the 
glass layer. A plastics layer can then be laminated on 
top, and its edge bevelled for example to provide the 
light bending at that edge. Then the glass layer 
5 (which may contain delicate structures) need not be 
machined. 

Not withstanding such preferred features, it is 
to be understood that, by cover member is meant any 
physical structure, or part of a physical structure, 

10 which covers, surrounds or even provides a part of the 
display area of the image display means, such as the 
body or screen of a CRT, or the translucent panel 
and/or edge seal and/or other body parts of an 
electronic display such as an LCD. In particular, the 

15 cover member may contain active elements of the 
display. 

According to a further aspect of the present 
invention, there is provided a visual display screen 
arrangement for an electronic device comprising a 

20 first screen member having a first active display area 
and a first joining edge, and a second screen member 
having a second active display area and a second 
joining edge; 

the first and second screen members being movable 

25 between a first position and a second position, in 
which second position the first and second joining 
edges are adjacent, the first and second screen 
members are generally coplanar, and the first active 
display area appears to a user substantially to abut 

30 the second active display area at the confluence of 
the first and second joining edges. 

The arrangement of the present invention permits 
one large visual display area to be provided through 
the collocation of two or more smaller screen members. 

35 The active display areas of two or more screen members 
meet, or at least appear to meet, at a joining edge 
between the two or more screen members and, in the 
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preferred embodiment, an - electronic device, with which 
the visual display screen arrangement communicates, 
addresses the two or more screen members separately so 
that a single image (for example) , spanning both or 
each screen member, may be displayed. 

In the preferred embodiment, the arrangement 
further comprises hinge means connecting the first and 
second screen members and constraining the first 
screen member and second screen member to be foldable 
between the first and second positions. 

Such an arrangement is particularly advantageous 
for small, hand-held devices such as mobile 
telephones, video cameras or so-called ^^palm top"' 
computers. When not in use, the overall height and 
width of a device, having the arrangement of zhe 
invention need be no larger than previously. By 
unfolding the screen arrangement, however, a composite 
screen which is much larger than the electronic device 
with which it communicates may be provided- The 
advantages of a mobile telephone with a composite 
screen which is, for example, 15-20 cm wide rather 
than the standard width of 3-5 cm) are manifest, 
particularly for telephones with Internet access. 

Preferably, the screen members are each liquid 
crystal displays. The first and second screen members 
may each include a screen member body having a cover 
piece. Alternatively, a single cover piece may be 
shared by both screen members. Each cover piece or, 
alternatively, each screen member body then preferably 
forms a lens along the said first and second joining 
edges respectively and is arranged to shift "he 
apparent location of the edge of the first ar.d second 
active display areas so that they appear to a user 
substantially to abut one another. VJizh this 
arrangement, even where the active display areas do 
not extend right to the edge of the screen member (as 
will be the case with liquid crystal displays, for 
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example) , the lens arrangement bends light passing 
through the joining edges so that, as viewed from 
above the screen arrangement, the plurality of 
separate active display areas appears to a user as a 
5 pseudo-continuous, single active display area. 

In accordance with a third aspect of the present 
invention, there is provided a visual display screen 
arrangement for displaying an image, comprising a 
panel and including a light bending region therein; 
10 and image display means having a display area located 
beneath the panel, the display area extending across a 
major portion of the panel area but comprising at 
least one inactive zone in the display area, the or 
each inactive zone being located substantially 
15 underneath the said light bending region in the panel; 
wherein the light bending region is arranged to bend 
rays of light passing therethrough, such that an image 
formed within the display area and viewed through the 
panel appears to extend across the inactive zone 
20 substantially without discontinuity. 

The invention may be put into practice in a 
number of ways, and some of these will now be 
described by way of example only and with reference to 
• the following Figures in which: 
25 Figure 1 is a highly schematic sectional view 

through the edge of two prior art liquid crystal 
display (LCD) panels when placed adjacent one another; 

Figure 2 shows a highly schematic sectional view 
through the edge of two LCD panels, each having a 
30 display area and lens, placed adjacent one another, 
and embodying one aspect of the present invention; 

Figure 3 shows a sectional view through the edge 
of one of the LCD panels of Figure 2, in more detail; 
Figure 4 shows, in schematic plan view, the 
35 electronics employed to drive the two LCD panels of 
Figure 2; 

Figure 5 shows suitable dimensions for the panel 
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arrangement of Figure 3/ based on calculations using 
Snell's law; 

Figure c shows the location of the LCD pixels in 
the view of Figure 2 including repeat pixels; 

Figure 7 shows a schematic plan view of the pixel 
arrangement in the apparatus of Figure 2, indicating 
how the pixel spacing decreases towards the edge of 
the arrangement without the repeat pixels of Figure 6; 

Figure 5a shows images foriried in the display 
areas of each of the two LCDs of Figure 2, without the 
lenses; 

Figure 5b shows suitable dimensions for a large 
scale model of the image of Figure 8a but with 
repeated strips; 

Figure 5 shows images formed in the display areas 
of each of the two LCDs of Figure 2 with the lenses, 
and as viewed from above; 

Figures 10a and 10b show ray diagrams for the 
panel arrangement of Figure 2, when viewed 
perpendicular to the plane of the panel and at an 
angle therero respectively; 

Figures 11a, lib and 11c show alternative 
embodiments of one aspect of the present invention; 

Figure 12 shows a visual display screen 
arrangement embodying a further aspect of the present 
invention; 

Figure 13 shows a further embodiment of a visual 
display screen arrangement in accordance with the 
present invention; and 

Figures 14a, 14b, 14c and 14d show applications 
for the visual display screen arrangements of Figures 
2 to 13. 

Referrir.g first to Figure 1, a highly schematic 
sectional view through the edge of two prior art 
liquid crystal display panels 10, 10' is shown, 
roughly to scale. Each LCD panel comprises a 
supporting substrate 20 (typically including a 
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reflector, first glass plate, first polarizing element 
and backlight where appropriate) onto which is mounted 
a glass cover plate 40. Sandwiched between the 
supporting substrate 20 and the glass cover plate 40 
5 is a volume which forms an active display region 30, 
The active display region 30 contains a plurality of 
electrodes, as will be familiar to those skilled in 
the art, together with liquid crystals. 

The panels 10, 10' may be bounded by side walls 

10 50 which provide mechanical protection to the panel. 
The liquid crystals are contained within the active 
display region 30 also by an epoxy edge seal which 
typically has a protective layer thereon. In 
consequence of this, there is a region adjacent to the 

15 edge of the LCD panel which cannot be used. This 

optically inactive area 60 is, in present LCD panels, 
typically between 1 and 1.5 mm wide. 

Because of the optically inactive area 60, even 
if the protective side walls 50 of two LCD panels 10, 

20 10' abut one another, a minimum total inactive region 
of around 3 mm in width is then present. 

Thus, when placing two LCD panels adjacent to one 
another, a visible gap is clearly discernable between 
the two active display regions. A significant '^seam" 

25 is unacceptable and prior art arrangements are 

accordingly unsuitable for creating larger screens 
from an array of smaller screens placed together. 

Figure 2 shows a highly schematic sectional view 
through the edge of two LCD panels 100, 100' embodying 

30 the present invention. Features common to Figures 1 
and 2 are labelled with like reference numerals. 

In the arrangement of Figure 2, instead of the 
flat, generally planar cover plate assembly 40 of 
Figure 1, the cover plate assembly 140 is instead 

35 curved at its edge, where it joins the protective side 
wall 50. The curved edge 150 acts as a lens and 
refracts light as may be seen by the dotted lines in 
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Figure 2. This in turn has the effect of reducing the 
apparent width of the visible gap. The radiused edge 
150 is also less susceptible to damage. 

Figures 3 and 5 show the edge geometry in more 
5 detail. Again, features common to Figures 1, 2, 3 and 
5 are labelled with like reference numerals. As seen 
in Figure 3, the cover plate assembly 140 can be 
notionally divided into two separate regions^ a 
generally planar region 142 and a refracting region 

10 14 4 which is convex in the example of Figure 3. The 
cover plate assembly 140 overlays a main display area 
25 having a display region 30 which may be Liquid 
Crystal, Polymer, Bi-stable (I-ink*™* or the like. 
Within the display region is a plurality of pixels 

15 55a, 55b, 55c, whose arrangement will be described in 
more detail below. Light from the pixels 55a, arranged 
away from the optically inactive area 60, which 
includes the edge seal and edge protection^ is 
substantially unaltered in direction by passage 

20 through the planar region 142 of the cover plate 

assembly 140. This is shown in Figure 3 by the rays 
72. By contrast, light from pixels 55b, for example, 
which are closer to the optically inactive area 60, is 
bent by the refracting region 14 4 of the cover plate 

25 assembly 140, as seen in rays 74- 

Figure 3 also shows the supporting substrate 20 
which may, for example, be a sandwich of materials and 
elements necessary for display, such as a backlight 
160, and in' the same manner the cover plate assembly 

30 140 can be a sandwich of materials containing elements 
necessary for the display. 

The method of shaping the edge into a radius 
results in an image that appears at the edge. In order 
to compensate for the dimensional distortion resulting 

35 from the curved surface 150, the pixels are compressed 
in regions B and C of the main display area 25 
adjacent the optically inactive area 60. Depending 
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upon the shape of the refracting region 144, the pixel 
resolution may be gradually increased or abruptly 
increased. 

Region C is an image repetition zone. This is 
5 provided iimtiediately adjacent to the inactive region 
area 60. The purpose of this will be described in 
connection with Figures 10a and 10b below. The 
remainder of the main display area, A, contains the 
relatively lower resolution pixels 55a. It is to be 

10 understood that, in the preferred embodiment, the 

pixel spacing of the pixels 55a may be the same as the 
spacing in a ^normal' LCD panel, with the pixels 55b, 
55c being more closely packed. For ease of 
manufacture, however, it is instead possible to use a 

15 display area 25 in which each separate pixel is 

equally spaced, and either to electronically compress 
the image, or, for example, to address two adjacent 
pixels in the region A in tandem, whilst addressing 
each separate pixel in the regions B and C separately. 

20 In the latter arrangement, each pair of pixels in the 
region A acts as a single, larger pixel. 

Using Snell's law, the geometry of the radiused 
edge 150 can be estimated. Figure 5 shows the geometry 
in a ''worst case" scenario, with glass, having a low 

25 refractive index, provided as part of the cover plate 
assembly 140. It is stressed here that the dimensions 
provided are by way of example only and that the 
dimensions are widely variable dependent upon the 
application and materials. It will be appreciated that 

30 the higher the refractive index, the thinner the cover 
plate assembly needs to be for a given width of 
optically inactive area 60. Using 0.7 mm thick glass 
(typical for LCDs), having a nominal refractive index 
of 1-5, and with the radiused edge 150 having a radius 

35 of 0.5 mm, the lateral distance over which the cover 

plate assembly 140 must be curved is 0.38 mm. The edge 
and seal widzh at the height of the liquid crystal is 
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over 220 yim, as opposed to 80 without edge shaping. 
For a screen resolution of 75 dots per inch (30 dots 
per cm) , only the pixels immediately adjacent to the 
optically inactive area 60 need to be of closer line 
5 spacing. 

Figure 4 shows, in schematic plan view, the 
electronics employed to drive the two LCD panels of 
Figure 2. Each panel is formed on a frame 200. Driver 
circuitry for addressing the transistors within the 

10 display is provided on two sides of the screen only, 

rather than also at the join defined by the protective 
side walls 50 of the two panels. It will, of course, 
be understood that the driver circuits could instead 
be located beneath the display. 

15 Figure 6 shows a further sectional view of the 

arrangement of pixels within the active display region 
and it will again be noted that the pixel resolution 
increases with proximity to the optically inactive 
area 60. The arrangement of Figure 6 also includes so- 

20 called repeat pixels whose purpose will be explained 

further in connection with Figures 10a and 10b. Figure 
7 shows, by contrast, a schematic plan view of the 
pixel arrangement in the arrangement embodying the 
invention, with horizontal lines representing the rows 

25 of pixels. In Figure 7, the repeat pixels of Figure 6 
are not shown. 

Figures 8a and 9 show an exemplary image formed 
in the active display regions of each of the two LCDs 
of Figure 2, without and then with the lenses in place 

30 respectively. It will be noted from a comparison of 

Figures 8a and 9 that the image in the active display 
region is compressed as it approaches the inactive 
region, and that the lens compensates for the visible 
gap and the compressed image such that the gap 

35 substantially disappears and the image as actually 
seen by a user is undistorted. 

To verify the technique, an image such as is 
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shown in Figure 8a was generated and printed onto 
white paper. Two perspex blocks, each having a 
bevelled edge, were placed together so that the 
bevelled edges abutted- The printed paper was backlit 
5 through a light box and. the visible gap shown in 

Figure 8a reduced to the thin, almost invisible line 
of Figure 9. 

The dimensions used were as follows: thickness of 
perspex blocks = 9.2 mm; radius of curvature of edge = 

10 4.6 mm, subtending an arc of 50®; refractive index of 
perspex = 1.45. The image was formed with a 3.0 mm 
black gap surrounded by 0.9 mm repeat strips (as 
explained below in connection with Figures 10a and 
10b) and 2-2 rnm compressed strips. This schematic 

15 image structure is shown in Figure 8b. 

The foregoing description has discussed 
refraction of light rays incident generally 
perpendicular to the planar part of the cover plate 
assembly 140, that is, when the screen is viewed face 

20 on. When an observer moves out of perfect alignment to 
the screen, cy contrast, the gap becomes more visible 
if certain precautions are not taken. This may be 
explained with reference to Figures 10a and 10b, which 
show a ray diagram for the cover plate assembly 140 of 

25 the panel arrangement of Figure 2 when viewed 
perpendicular to the plane of the panel and, 
separately, az an angle thereto respectively- Consider 
first the vir-ual point A in Figure 10a. When viewed 
directly fror. above, this virtual point is actually 

30 being displayed by a pixel at the location A' within 
the active display region 30. When the observer moves 
to the right, however, as shown in Figure 10b, the 
virtual point A then falls behind the join defined by 
the protective side walls 50 of each of the two LCD 

35 panels 100, 130*. In order to overcome this, part of 

the image displayed in the active display region 30 of 
the LCD panel 100 is repeated in the active display 
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region 30' of the other LCD panel 100 The virtual 
point A in Figure 10b is now displayed by the pixel at 
location A'' in the right-hand LCD panel 100* instead. 
In other words, in the active display region 30' of 
5 the right-har.d LCD panel 100'/ the edge is projecting 
a section of what is normally seen from the active 
display region 30 of the left-hand LCD panel 100 . 

By repeating the image on either side of the join 
where the protective side walls 50 of the LCD panels 

10 100;. 100' abut, the observer's eye does not register 
the join even when viewing the screen away from the 
perpendicular. Using such an arrangement, the angle 
of viewing of the screen before the join becomes 
visible can be increased from about 8*^ about an axis 

15 perpendicular to the display region 30, up to about 

20^ either side of that axis. The amount of repetition 
is variable. For example, the test arrangement of 
Figure 8b employs a 40% repetition, that is, the upper 
40% of the iniage in the lower compressed strip B is 

20 repeated in zhe upper repeat strip and vice versa. 

Increasing the percentage gives better viewing angles 
but results in a narrower gap. 

Referring now to Figures 11a to 11c, different 
arrangements for refracting the light around the 

25 inactive region of the LCD are shown. In the 

arrangement of Figure 11a, two materials are employed, 
with a low refractive index material 220 formed over 
the radiused edge 150. As previously explained, the 
higher the refractive index, the thinner the lens 

30 needs to be for a given width of inactive region . 

To achieve a higher degree of refraction, two 
interfaces may be used as well or instead. For 
example, a region of low index of refraction material 
230 may be er.ployed adjacent to the supporting side 

35 wall, as shov;n in Figure lib. In Figure 11c, an 

undercut edge may be provided to deflect the rays. The 
particular choice of shape will depend upon the 
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maximum degree of reflection deemed permissible, 
amongst other consideraticjns . The region defined by 
the undercut edge of the cover plate assembly 140 may, 
for example, be filled with material such as a resin. 
5 In yet an alternative arrangement, the material could 
be situated directly on the active display, in an 
analogous manner to that shown in Figure lib. In 
general, to minimize the thickness of the cover plate 
assembly 140, it is desirable that the translucent 

10 part be formed of a material such as a relatively 

heavy flint glass having a refractive index in excess 
of 1.6, Other materials such as perspex or a 
lightweight glass coated plastics material could be 
employed instead, to save costs, but, having a lower 

15 refractive index, would need to be relatively thicker. 

Figure 12 shows a sectional view through an LCD 
screen arrangement embodying a further aspect of the 
invention- The arrangement of Figure 12 includes two 
separate panels having separate supporting substrates 

20 20, two active display regions 30 containing liquid 
crystals or CRT pixels and separated by an inactive 
area 60 and protective side walls 50, and a cover 
plate assembly 140 formed of separate panel covers 45 
but with a single screen cover 47 covering both 

25 panels. In contrast to the embodiments of Figures 2- 
11, the arrangement is not intended to be foldable 
which is why a single screen cover 47 is instead 
provided to span both of the active display regions 
30. Two wedge shaped recesses 250, 250' are cut in the 

30 base of the screen cover 47 to act as lenses either 
side of the join formed by the protective side wails 
50. As with other embodiments, it is preferable that 
the part of the image formed at the edge of one of the 
active display regions, adjacent the inactive area 60, 

35 is repeated on the other side of the join, again in 
the region immediately adjacent to the inactive area 
60. As with previous embodiments, the pixel spacing is 
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reducing adjacent the inactive area 60. 

Even though the arrangement of Figure 12 is not 
foldable, it is still advantageous in that it allows a 
large composite screen to be fomed from an array of 
5 smaller screens, with an essentially invisible seam or 
seams. This is particularly advantageous for LCD, 
where there are difficulties in r.anuf acturing single, 
large area displays. 

Turning r.ow to Figure 13, scill a further 

10 embodiment of a visual display screen arrangement is 
shown. For ease of explanation, only the cover plate 
assembly 140 .notionaily divided into a generally 
planar porticr. 142 and a refracting portion 144) is 
shown. It will be understood that a main display area 

15 and supporting substrate are typically located below 
the cover pla-e assembly 140, however. 

In contrast to the embodiment of, say. Figure 5, 
the cover plare assembly 140 is preferably made up of 
a stack of layers, A lower layer 500, adjacent to the 

20 (not shown) main display area, is typically formed of 
glass. On top of that is a thin sandwich layer 510 of 
polarisation/compensation material. Finally, an upper 
layer 520 of a tough plastics material is laid down on 
top of the thin sandwich layer 510 . 

25 The glass lower layer 500 and the 

polarisation/compensation material of the thin 
sandwich layer 510 are, as may be seen, of ^standard' 
shape withour any means to cause light to bend. 
Instead, it is the plastic upper layer 520 which 

30 contains the curved edge that ca'ises light refraction- 
There are a nurrJoer of benefits to this 
arrangement-. Firstly, the overall weight of the cover 
plate assembly 140, and thus the visual display screen 
as a whole, is reduced relative ro a solid glass cover 

35 plate assembly. This is particularly desirable in 

lightweight devices such as PDAs or mobile telephones 
where a few grammes can be impor-cant. Secondly, the 
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laminar construction of Figure 13 allows any shaping 
at the edge of the cover plate assembly to take place 
on the plastic upper layer 520, well away from any 
sensitive components in or near the glass lower layer 
500- Finally, it reduces still further manufacturing 
complexity relative to the prior art. The top of 
traditional LCDs already comprises a lamination of 
glass and polarisation/compensation material forming a 
panel approximately 0.6 mm thick. Thus, a perspex 
sheet may simply be laid down on top of this, either 
before or after edge shaping, to achieve the composite 
cover member of Figure 13. 

It is to be understood, of course, that a single 
glass sheet providing the cover plate assembly also 
has its advantages, particularly in terms of 
refractive index which makes the amount of curvature 
required less. 

Suitable dimensions for a device are set on 
Figure 13 itself. These values are for guidance only 
and it will also be appreciated that the geometrical 
arrangement provides for direct scaling of the values 
given . 

Turning finally to Figures 14a-14d, some 
exemplary applications for the arrangements of Figures 
2-13 are shown. Figure 14a shows a first mobile 
telephone 300 having a body part 305 with a keyboard, 
and a screen formed from two LCD screen parts 310 and 
320, each of which is generally of similar dimensions 
to the keyboard. The screen parts are foldable 
relative to one another by means of a hinge (not 
shown) such that, in a first, closed, position, the 
cover plate assembly of one contacts that of the 
other. This protects the screen parts 310, 320 when 
not in use. In a second, open position as shown in 
Figure 14a, the two screen parts are folded away from 
one another. By addressing each screen part 310, 320 
differently (which technique will be familiar to those 
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skilled in the art) , a composite image as seen in the 
Figure can then be forrr.ed and this extends across the 
join 325 to fill the whole screen. 

Figure 14b shows a second mobile telephone 330 
5 with a foldable screen containing three screen parts 

340, 350, 360. The central screen part 350 is mounted 
in fixed relation to the body of the mobile telephone, 
and the left and right-hand parts 340, 360 are 
foldable relative thereto. Thus, in a first position, 

10 the left-hand screen part 340 folds against the 

central screen part 350 such that the cover plate 
assemblies thereof face one another. After that, the 
right-hand screen part 360 is folded over the back of 
the left-hand screen part 340 so that the cover plate 

15 assembly of the right-hand screen part 360 faces the 
supporting substrate 2C of the left-hand screen part 
340. When opened, the composite screen has three parts 
with two joins 370, 380. The principle of a three-part 
screen arrangement is exactly the same as has been 

20 described with the one and two-part screen 

arrangements of Figures 2 to 13. Obviously, the 
central screen part 350 requires shaped edges on both 
sides. In that case, ii: may be desirable to have the 
driver circuits to address the central screen part 350 

25 underneath the supporting substrate, but this is not a 
problem since the central screen part 350 is mounted 
upon the body of the telephone. 

Figure 14c shows a foldable touch screen device 
390 which has a touch screen keyboard 400. This device 

30 is capable of lying flat upon a table when unfolded 

and is thus less intrusive than a laptop computer. The 
device 390 can also be used as an electronic book and 
in that case the virtual keyboard may be switched off. 
A disk drive 410 might also be provided to allow 

35 information to be uploaded and downloaded. 

Finally, Figure 14d shows a typical laptop 
computer similar to the Psion® Organiser'*"*. Again, 
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the screen is in two parts and is roldable as with the 
mobile phone of Figure 14a. 

Although the foregoing description has focussed 
upon smaller scale screens, and in particular liquid 
5 crystal displays, it is to be understood that the 

invention is not so limited. For example, bistable or 
electroluminescent displays are equally susceptible to 
the use of a r,aterial, coating or structural formation 
• that will allow bending of light to minimize panel 

10 gaps between adjoining displays. Furthermore, the use 
of multiple television or video screens placed next to 
one another tc form a giant display for large public 
areas such as shopping malls, is known. Typically, 
each video or television screen has a diagonal screen 

15 dimension of around 600 mm. Because of the additional 
hardware necessary around the screen, there is usually 
a significant gap between adjacent screens. This can 
again be minirtised using lenses to form a pseudo- 
continuous display. In this case, image compression 

20 might be achieved electronically without moving 

pixels. Such an arrangement also illustrates that the 
number of smaller screens that can be used to make up 
the single, composite larger screen is essentially 
unl imited. 



25 
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CLAIMS: 

1. A visual display screen arrangement for 
displaying an image, comprising: 

5 image display means having a display area; 

a translucent cover member arranged to cover the 
display area and having a first cover member edge, the 
display area having an edge extending towards but not 
. as far as the said first cover meniber edge; 
10 characterised in that the cover member has: 

(a) a generally planar portion covering at least 
a part of the display area and being arranged to pass 
rays of light substantially without bending such that 
the majority of the display area as viewed externally 

15 of the arrangement and through the said generally 

planar portion, appears substantially undistorted; and 

(b) a refracting portion which includes the said 
first cover member edge, the said refracting portion 
being arranged to bend only those rays of light 

20 emanating from at or adjacent to zhe edge of the 
display area, such that the said display area as 
viewed externally of the arrangement and through the 
said refracting portion, appears zo extend 
substantially as far as the edge of the cover member. 

25 

2. The arrangement of claim 1, further 
comprising: 

second image display means having a second 
display area; 

30 a second cover member arranged to cover the 

second display area and having a second cover member 
edge located in use adjacent to the said first cover 
member edge, 'he second display area having an edge 
extending towards but not as far as the said second 

35 cover member edge, the second image display means 

being arranged to provide a second image within the 
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second display area which is visible through at least 
a part of the said second cover member; 
the second cover member having: 

(a) a second generally planar portion covering at 
least a part of the second display area and being 
arranged to pass rays of light substantially without 
bending such that the majority of the second display 
area, as viewed externally of the arrangement and 
through the said, second generally planar portion, 
appears substantially undistorted; and 

(b) a second refracting portion which includes 
the said second cover member edge, the said second 
refracting portion being arranged to bend only those 
rays of light emanating from at or adjacent the edge 
of the second display area such that the said display 
area, as viewed externally of the arrangement and 
through the said second refracting portion, appears to 
extend substantially as far as the edge of the second 
cover member - 

3. The arrangement of claim 2, further arranged 
to generate a part of an image both within the first 
display area and adjacent the first cover member edge, 
and also within the second display area and adjacent 
the second cover member edge. 

4. The arrangement of claim 1, claim 2 or claim 
3, in which the generally planar portion of the or 
each cover member is substantially coplanar with the 

30 refracting portion thereof, relative to the display 
area . 

5. The arrangement of any preceding claim, 
further arranged to display the said image such that 

35 ±z is compressed but only in a region adjacent the or 
each cover member edge. 
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6. The arrangement of claim 5, in which the or 
each display area has a resolution adjacent to the 
respective cover member edge which is higher than the 
resolution of the or each display area away from the 
5 respective cover member edge so as to cause the said 

image compression adjacent the said cover member edge. 



7. The arrangement of claim 5 or claim 6, in 
. which the generally planar portion of the or each 

10 cover member is coterminous with that part of the 
display area which is arranged to display an 
uncompressed part of the image, and wherein the or 
each refracting portion is coterminous with that part 
of the display area adjacent to the respective cover 

15 member edge which is arranged to display the 
compressed part of the image. 

8. The arrangement of any one of the preceding 
claims, in which the refracting portion of the or each 

20 cover member edge is shaped so as to form a lens to 
bend light passing therethrough, 

9. The arrangement of claim 8, in which the 
refracting portion of the or each cover member is 

25 formed into a convex radius at the corresponding cover 
member edge so as to form the or each said lens. 



10. The arrangement of claim 8, in which the 
refracting portion of the or each cover member 
30 includes a region having a refractive index different 
to that of the material from which the rest of the 
cover member is formed. 



35 



11. The arrangement of any preceding claim, in 
which the or each „ cover member is formed as a laminar 
construction. 
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12. The arrangement of claim 11, in which the or 
each cover member comprises a lower layer adjacent the 
display area and formed of a first material^ an upper 
layer formed of a second, different material, and a 
polarisation/compensation layer sandwiched between the 
upper and lower layers • 

13. The arrangement of claim 12, in which the 
lower layer is formed of glass and the upper layer is 
formed of a plastics material, 

14. The arrangement of claim 13, in which the 
refracting portion of the or each cover member is 
formed from the upper, plastics layer thereof. 

15. The arrangement of any preceding claim, in 
which the refractive portion of the or each cover 
member edge includes a reflective or refractive 
coating. 

16. The arrangement of claim 2, wherein the 
first image display means and the first cover member 
together form a first screen member and wherein the 
first cover member edge provides a first joining edge, 
and the second image display means and the second 
cover member together form a second screen member, and 
wherein the second cover member edge provides a second 
joining edge, the first and second screen members 
being movable between a first position and a second 
position in which the first and second joining edges 
are adjacent, the first and second screen members are 
generally coplanar, and the first display area appears 
to a user substantially to abut the second display 
area at the confluence of the first and second joining 
edges . 
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17. The arrangement of claim 16, further 
comprising hinge means connecting the first and second 
screen members and constraining the first screen 
member and second screen member to be foldable between 
the said first and second positions. 

18. The arrangement of claim 16 or claim 11, in 
which the first screen member and second screen member 
are each liquid crystal displays. 

19. A mobile telephone including the visual 
display screen arrangement of any one of the preceding 
claims . 



15 



20. A digital computer including the visual 
display screen arrangement of any one of the preceding 
claims . 
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